Background: Urinary tract infections (UTIs) are major drivers of antibiotic prescribing in primary care. Inappropriate antibiotic prescribing for UTIs likely drives antibiotic resistance. We aimed to describe current investigation and antibiotic treatment to examine opportunities for improved antimicrobial stewardship. Methods: We identified a cohort of all patients with lower UTI diagnosis between 2011 and 2015 in the 390 primary care practices contributing data to ResearchOne in England. We examined investigation, antibiotic treatment and antibiotic re-prescription within 28 days according to guideline-defined patient groups. We assessed risk factors for re-prescription using mixed-effect logistic regression. Findings: In total, 494,675 UTIs were diagnosed in 300,354 patients. Median age was 54 years, and 83.3% were women. Same-day antibiotic was prescribed for 85.7% of UTIs; 56.8% were treated with trimethoprim, and urine sampling was undertaken in 25.0%. The antibiotic re-prescription rate was low (17,430, 4.1%) and increased slightly over time in men (from 5.2% in 2011 to 6.2% in 2015). Overall, 21.1% of pre-prescription were for the same antibiotic. The percentage of adults with recurrent UTIs ranged from 1.0% in 18À64 yearold men to 2.6% in women 65 years. The risk of antibiotic re-prescription increased with age, calendar year, recent antibiotic prescribing and treatment with antibiotic other than trimethoprim or nitrofurantoin. Interpretation: Most patients diagnosed with lower UTI in primary care receive same-day empirical antibiotics with little diversity in choice of agent. The antibiotic re-prescription rate is low. Microbiological investigation and re-prescription of the same antibiotic given for the initial episode happened in one quarter of UTIs.
Introduction
Symptoms of urinary tract infection (UTIs) are a common reason for consultation in primary care, where most suspected episodes are managed. Uncomplicated lower UTIs generally resolve quickly and many are self-limiting [1] , but 11% of women report to have experienced at least one UTI and 3% report to have experienced three or more UTIs in the previous year [2] . There are marked differences across four European countries in culture positivity, antibiotic prescribing and re-consultation, despite similarities in the presentation of UTI in primary care, the pathogens and antibiotic sensitivities [3] . The high incidence of UTI and tendency to recur leads to high healthcare costs [4] .
UTIs are the second most common reason for antibiotic prescribing [5] . In the UK, recent national clinical guidelines recommend treatment of lower UTIs with narrow spectrum antibiotics, particularly nitrofurantoin or trimethoprim, when the risk of resistance is low (e.g. considering previous antibiotic use and previous urine culture and sensitivity results) [6] . Amoxicillin or oral cephalosporins are advised for second or third line therapy for pregnant women and children aged 3 months or more [6] . Choice of second line antibiotic therapy in adult men should be guided by culture results after considering alternative diagnoses to UTIs [6] . Antibiotic use, even in short courses, can alter the normal microbial composition of the gastrointestinal tract and the vagina [7] , selecting for drug-resistant pathogens. Furthermore, a meta-analysis of five studies of UTIs managed in primary care found an increased risk of antibiotic resistance that persisted for up to one year and a higher risk associated with multiple courses of antibiotics [8] . Evidence of a doseÀresponse between the number of courses of amoxicillin and trimethoprim and resistance also exists [9] . Antibiotic resistance is associated with higher morbidity, mortality and healthcare costs [10] . It is therefore important to avoid unnecessary antibiotic prescribing and to make appropriate choices to treat UTIs.
This study aimed to describe current investigation, antibiotic treatment and antibiotic re-prescription rates (as a likely indicator of treatment failure) across the spectrum of all lower urinary tract infections (UTIs) managed in primary care in England, with reference to current guideline-defined groups of patients.
Methods

Study Design and Setting
We analysed a cohort of all patients attending primary care general practices contributing data to ResearchOne. ResearchOne is a healthcare research database containing de-identified clinical and administrative data drawn from the electronic patient health records held on The Phoenix Partnership (TPP) SystmOne clinical record system. ResearchOne was created by TPP in partnership with the University of Leeds and the UK Government's Technology Strategy Board. It contains approximately 28 million records from over 400 general practitioners' practices spread geographically throughout England and is updated from new data entered as part of routine clinical practice on TPP SystmOne. Primary care clinical data are coded using the Read code, version 3 classification system. Prescription data are coded using the British National Formulary and the Dictionary of Medicines and Drugs. Data quality checks are performed centrally to assess data integrity, quality and representativeness of the population in England (http://www.researchone.org/data/). The data extract analysed was created on 5 June 2017. The study period was from 1 January 2011 to 31 December 2015. For each patient, we analysed information from the general practice at which the patient had most recently been registered.
The study was approved by the ResearchOne Project Committee and the University of Leeds, Medicine and Health University Ethics Review Committee (MREC-18-005). No patients or public were involved in this research.
Study Participants
We identified all patients who had a lower UTI diagnostic code recorded during the study period. The diagnostic codes considered are shown in Table S1 . Individuals were eligible for study inclusion if they were registered in a ResearchOne general practice for a minimum of 28 days before the date of UTI diagnosis. To ascertain the outcomes, a minimum of 10 days of post-UTI follow-up was also required. The eligibility for study inclusion ended on the earliest of the following dates: death, practice deregistration or last date of data collection from the practice.
Study Definitions
The diagnostic codes used to identify episodes of lower UTI are listed in Supplementary Table 1 . To account for multiple consultations for the same episode of infection, we considered diagnostic codes recorded within 28 days of each other to be related to the same UTI episode ( Supplementary Fig. 1A ). The index date of a UTI episode was defined by the date of the first recorded UTI diagnostic code for that episode in the patient record [11, 12] . We excluded episodes that started prior to 1st January 2011. Patients with UTI were grouped into 7 groups defined according to recent clinical guidelines [13] (Table 1) .
To describe the proportion of patients who had a urine sample collected for culture or microscopy during the index episode, we identified Read codes for either requests or results that were recorded within 10 days of the UTI start date (Supplementary Table 2 ). To describe the number of patients who received antimicrobial therapy for UTI whilst allowing for delays related to microbiological diagnosis [14] , we identified prescriptions for any oral antibiotic issued on the same day or within 3 days of the index UTI diagnosis (British National Formulary [BNF] chapter 1.5; Supplementary Table 3) .
As in previous studies [15] , we studied antibiotic re-prescription as a proxy measure of treatment effectiveness. We defined antibiotic re-prescription as the earliest prescription of a UTI-specific antibiotic for the same UTI episode between 4 and 28 days after the date of the initial antibiotic prescription ( Supplementary Fig. 1B ). These antibiotics included drugs recommended, or used for the treatment of UTIs in the UK, albeit not necessarily exclusively for this purpose (trimethoprim, nitrofurantoin, pivmecillinam, fosfomycin, ciprofloxacin, cephalexin, and co-amoxiclav). For sensitivity analyses, we also defined antibiotic re-prescription as the earliest occurrence of a new antibiotic prescription of a UTI-specific antibiotic between 6À28 days and 8À28 days after the initial antibiotic prescription. Information on antibiotic susceptibility, prescription duration and reason for antibiotic regimen were not available in this setting. Drug allergy and intolerance were discarded as a reason for re-prescription in this study.
Statistical Analysis
For each patient group, we described the number of UTI episodes recorded and patient characteristics on the date of diagnosis. We also
Research in context
Evidence before this study Urinary tract infections (UTIs) are major drivers of antibiotic prescribing in primary care. Inappropriate antibiotic prescribing for UTIs likely drives antibiotic resistance. PubMed was searched for publications reporting on treatment failure rates and risk factors in patients treated for lower urinary tract infection up to February 6, 2018. Search terms were ("urinary tract infections"[Mesh] AND ("treatment failure"[Mesh] OR (("therapy" OR "treatment" OR "therapeutics"[MeSH Terms]) AND response AND failure))) with no language restriction. Of 157 articles retrieved, 6 were identified as relevant. The most recent period studied was 2013À2017 in a multinational clinical trial including 513 women. Reported rates varied between 2% when failure requiring hospitalisation was studied in Taiwan, to 39% amongst women treated with fosfomycin in a multinational clinical trial in hospital units and outpatient services. Treatment failure was found to be associated with older age, pregnancy, diabetes, renal impairment, antibiotic choice and duration. We concluded that few studies have examined the frequency of, and risk factors for treatment failure across the spectrum of UTI, or described its management in the community.
Added value of this study
Most patients diagnosed with lower UTI in primary care (85.7%) receive same-day empirical antibiotic therapy with little treatment diversity, generally limited to trimethoprim and nitrofurantoin, reflecting national guidelines. Microbiological investigation was undertaken infrequently and had little impact on treatment. The antibiotic re-prescription rate was low (4.1%) but gradually increased over time and was seen on average in over 3000 patients each year. Re-prescription of the same antibiotic occurred surprisingly frequently.
Implications of all the available evidence
Guidelines for investigation of UTI are not being followed. Use of microbiological investigations currently has little impact on prescribing. There is a need to consider recent antibiotic use to prevent re-prescription of the same antibiotic. determined the proportion of episodes for which a urine sample for culture or microscopy was collected, the annual number of UTIs per patient and the proportion treated (antimicrobial therapy, first drug class and multiple antibiotics). Furthermore, we described the proportion of UTIs managed with antibiotic re-prescription each year and their treatment. For patients treated with antibiotics, we also described patient baseline characteristics according to whether they resulted in re-prescription or not, and investigated risk factors for antibiotic re-prescription using mixed effect logistic regression models with GP practice and patient level random effects to account for within patient correlation of events (i.e. all UTI episodes diagnosed for each patient were analysed) and heterogeneity between practices. A priori factors considered and included in adjusted regression models were risk factors for UTI reported in previous studies that were available and likely to be well coded: age (< 10, 10-year groups between 10À79 and 80 years), sex, ethnicity (missing data recorded as a separate category), year of UTI diagnosis, diagnosed chronic comorbidities (cardiovascular diseases, diabetes, chronic obstructive pulmonary disease, asthma, cancer and chronic kidney disease of stage 3 recorded before the UTI episode), antibiotic/s use in last year (none, < 1 month, 1 to <3 months, 3 to < 6 months, 6 to < 12 months), and the initial antibiotic prescribed. Statistical tests were 2-sided, and statistical significance was considered p < 0.05. All analyses were performed in Stata version 15.0 (StataCorp LP, College Station, TX, USA).
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Results
UTI Diagnosis and Patient Characteristics
During the study period, a total of 494,675 episodes were recorded as lower UTI in 300,354 patients registered in 390 general practices (mean 1.7 infections per person). Eighty-three per cent of episodes were in women ( Table 1) . Median age at diagnosis was 54 years (IQR 31À73). The highest frequency of UTIs occurred in women aged 18À64 years (46.5%) and the lowest amongst children of < 3 months of age (9.1%). The overall mean annual number of UTI episodes per person was 1 (SD = 0.40). The percentage of adults with only 1 UTI episode per year ranged from 79.2% in women aged 65 years to 91.0% in men aged 18À64 years (Fig. 1 ). The percentage of adults with 3 episodes per year (recurrent UTI) ranged from 1.0% in men aged 18À64 years to 2.6% in women aged 65 years. An antibiotic prescription for any indication in the previous year was recorded for 66.7% of patients with UTIs. The median time since last prescribed antibiotic was 3.9 months (IQR 1.3À10.4), ranging from 0.6 for children of < 3 months to 6.2 months for those aged 4À15 years. A penicillin (6% co-amoxiclav, 0.5% pivmecillinam, and 29.4% other penicillin), trimethoprim (26.2%) and nitrofurantoin (15.1%) were those most often prescribed. The most common comorbidities present at the time of UTI diagnosis were asthma (15.7%) and cardiovascular diseases (13.5%). Chronic kidney disease was also common in the eldest age group (26.1% of episodes with stage 3 renal disease). A urine sample for microscopy or culture was requested within 10 days for 25.0% of episodes (range between 9.1% in children of < 3 months and 30.6% in 18-to 64-year-old men; Table 2 ).
Antibiotic Treatment
Antibiotics were prescribed on the same date of diagnosis for 85.7% of UTIs (range from 20.7% in children of < 3 years to 89% in women aged 18À64 years). Only 17% of those who received antibiotics had a recorded urine testing within 10 days of diagnosis (range from 9.1% for the < 3 year group to 30.6% for 18-to 64-year-old women). Overall, the most common antibiotics initially prescribed were trimethoprim (56.8%) and nitrofurantoin (23.9%; Fig. 2 ). Cephalexin was the most commonly prescribed antibiotic in pregnant women (30.4%) and the second most commonly prescribed in children aged < 4 years (24.0% in those < 3 months and 5.6% in those aged 3 months to 3 years). Multiple antibiotics were administered to 3543 (0.8%) patients. Six percent of UTI episodes diagnosed in pregnant women (n = 62) were treated with trimethoprim and the proportion of UTIs treated with co-amoxiclav varied between 4.3% in children aged 4À15 years (n = 1086) and 7.6% in men aged 18À64 years (n = 1830). Chronic kidney disease (of stage 3) was diagnosed in 9.4% of episodes treated with nitrofurantoin in women and 15.0% of those in men (in 0.6 of episodes in women and 1.9% of those in men with stage 4).
The ratio of trimethoprim to nitrofurantoin prescribing gradually decreased over the study period from 6317/1981 in 2011 to 7870/3481 in 2015 for men (28.1% decrease); and from 36,372/12,853 to 43,383/ 24,099 (35.7% decrease), respectively, in women ( Supplementary Fig. 2 ).
Amongst women 70 years old, the proportion of UTIs treated with trimethoprim slightly decreased over time, from 45.9% in 2011 to 43.4% in 2015. The absolute number of UTIs diagnosed in this patient group increased during the study period, from 8938 in 2011 to 10,264 in 2015. In men, this number also increased over time (from 2657 to 3314, respectively), but the proportion of episodes treated with trimethoprim remained stable during the study period (overall 40.2%).
Antibiotic Re-prescription
Antibiotic re-prescription occurred in 17,430 (4.1%) UTI episodes treated with antibiotics, ranging from 1.9% in children aged 4À15 years and in pregnant women, to 6.3% in adults aged 65 years. These represcription events were unrelated to antibiotic allergy or intolerance (data not shown). Antibiotic re-prescription occurred in 9859 (6.3%) episodes diagnosed in 65-year-old adults and increased slightly over time only in men (from 5.2% in 2011 to 6.2% in 2015). When defining antibiotic re-prescription using antibiotic prescribing windows of 6À28 and 8À28 days (instead of 4À28), re-prescription was observed in 14,972 (3.5%) and 11,912 (2.8%) of UTI episodes, respectively (Supplementary Table 4 ). Factors associated with antibiotic re-prescription are shown in Table 3 . The risk increased with age, from 2.1% of episodes in patients < 10 years to 6.9% of episodes in those aged 80 years (adjusted odds ratio [OR] = 0.97, 95%CI 0.84 to 1.12 for 10À19 years and 2.62, 95%CI 2.34 to 2.94 for those 80 years, compared with UTI episodes from patients aged < 10 years; p < 0.001). Odds of infection was lower in women than in men (OR = 0.77, 95%CI 0.73 to 0.80; p < 0.001) and in non-white ethnic groups (OR = 0.61, 95%CI 0.45À0.83 for black; OR = 0.75, 95%CI 0.67À0.85 for Asian; compared to white). It was slightly higher in patients with comorbidities, including cancer (OR = 1.15, 95%CI 1.09 to 1.21; p < 0.001) and diabetes (OR = 1.12, 95%CI 1.07 to 1.18; p < 0.001). Odds of re-prescription increased with shorter time since prior antibiotic use, from 1.16 (95% CI 1.09 to 1.24) for 6À12 months to 3.35 (95%CI 3.19 to 3.53) for < 1 month, compared with non-use in the previous year (p < 0.001). Initial treatment of the UTI with antibiotics other than trimethoprim was associated with a higher odds of re-prescription (OR = 1.18, 95%CI 1.10 to 1.27 for co-amoxiclav; OR = 1.56, 95%CI 1.30 to 1.86 for pivmecillinam; OR = 8.98, 95%CI 8.18 to 9.85 for multiple concomitant antibiotics; compared with trimethoprim) except for nitrofurantoin (OR = 0.96, 95%CI 0.92 to 1.00). Furthermore, the odds of re-prescription of any antibiotic increased over time (OR = 1.20, 95%CI 1.14 to 1.27 in 2015 compared with 2011; p < 0.001). Overall, the antibiotics more commonly re-prescribed were nitrofurantoin (33.9%) and trimethoprim (22.2%). Three percent of episodes (n = 516) were treated with multiple antibiotics. Furthermore, the index prescription and re-prescribed antibiotics were the same in 27.1% (pivmecillinam), 25.4% (nitrofurantoin), 22.4% (cephalexin), 20.0% (trimethoprim), 19.0% (ciprofloxacin) and 18.0% (co-amoxiclav) of cases (some patients were treated with more than 1 antibiotic). Patterns of antibiotic re-prescribing remained relatively stable over time except for cephalexin and pivmecillinam. The proportion of represcriptions with cephalexin decreased from 17.4% in 2011 to 13.5% in 2015 in women, and from 11.6% to 9.1%, respectively, in men. In contrast, the proportion treated with pivmecillinam increased over time from 1.4% in 2011 to 4.3% in 2015 in women, and from 1.0% to 3.8%, respectively, in men.
Discussion
In this large cohort of patients diagnosed with lower UTI in primary care practices in England, we found that the great majority (four out of five) received empirical antibiotic therapy on the day of diagnosis, and most (83%) had no evidence of urine sample collection for microbiological investigation in their electronic health records. Recent exposure to antibiotics was common in all patient groups and was associated with an increased risk of antibiotic re-prescription. In line with national guidelines, there was little diversity in treatment, which was generally limited to two antibiotics, trimethoprim and nitrofurantoin (24% and 56%, respectively). Antibiotic re-prescription was uncommon (4.1% of UTI episodes).
This study was based on the analysis of data collected as part of routine clinical primary care practice, and was therefore not specifically gathered for research purposes. We identified an unselected population of all patient groups diagnosed with lower UTI in ResearchOne primary care practices in England, which enabled us to describe the management and outcomes of all groups of patients identified in current clinical guidelines for the management of UTIs. We did not restrict the analysis to microbiologically confirmed episodes because our aim was to describe the real-world management in the primary care setting. We also did not investigate the role of urinary dipstick examination, which is not coded in primary care. We classified UTIs according to guideline-defined patient groups and found a low number of UTIs in patients with catheters. It is possible that some infections diagnosed in patients with catheters were coded using generic diagnostic codes and were therefore classified in other patient groups (e.g. adults aged 65 years or above). The percentage of patients with recurrent UTIs (more than one episode per year) ranged from 9.0% for men aged 18À64 years to 20.8% for women aged 65 years, and the percentages with three or more episodes per year ranged from 1.0% to 2.6%, respectively. These figures are comparable with those found in a population-based survey conducted in England, which found that 3% of women aged >15 years reported at least three UTIs in the previous year [2] . A Canadian surveillance study also recorded that 14% of people with UTI had more than one episode of infection during a 2-year period [16] . The data therefore appear consistent with other relevant studies. A strength of our study is the longitudinal individual-patient data from 390 primary care practices geographically spread across England. This allowed the examination of temporal associations with prescribing. This risk factor analysis accounted for the diagnosis of multiple UTI episodes within patients and for the specific general practices in which the patients were treated. We were unable to account for antibiotic resistance per se and some factors that have been found to be associated with resistance, including recent hospital admissions (and antibiotics administered during admissions) [17] , use of invasive procedures in health-care settings, or care home residence [17] . Furthermore, we were unable to evaluate doseÀresponse associations because of the lack of information on antibiotic dose and duration in the dataset. In addition, our study did not exclude patients with other infections, so it is therefore impossible to completely rule out that some of the antibiotic prescriptions were administered to treat a concomitant non-UTI infection.
Overall, 86% of UTIs were treated with a same-day antibiotic prescription, reflecting routine clinical practice in primary care, with decisions likely based on the report of typical symptoms with or without findings of dipstick urine testing. The proportion of patients being offered delayed prescriptions or symptomatic treatment and followup [18] would seems to be low, and there may be more opportunity to reduce empirical therapy, as undertaken in the Netherlands [3] . Initial treatment comprised just 2 antibiotics, nitrofurantoin and trimethoprim, thus, prescribing in general follows national guidance for situation when the risk of resistance is considered to be low [6, 13] . NICE considers administration of antibiotic therapy in the previous 3 months as a risk factor for trimethoprim resistance. In our study, the median time since last prior antibiotic prescription was 4 months.
Antibiotic resistance is a major threat to human health and calls for action to address this threat are widespread. The UK Chief Medical Officer's (CMO's) annual report 2011 highlighted the importance of antimicrobial resistance and the need to reduce its impact [11] . A five year antimicrobial resistance strategy was published in 2013 that proposed potential means of 'conserving and stewarding' the effectiveness of existing antimicrobial treatments [19] . A theoretical way of reducing the emergence and spread of antibiotic resistance is to introduce more variation (i.e. diversity) into antibiotic prescribing [20, 21] . We have confirmed that there is little diversity in prescribing for UTIs, but introducing greater variety would oppose current clinical guidelines and prescribing practice.
A urine sample for microbiological investigation is recommended in all children under 3 months [22] , all children under 16 [6] , pregnant women [13] and all men [18] . An annual average increase in urine sampling for culture of 3% has been reported [23] . We found that microbiological investigation is not being carried out as recommended. However, even if microbiological examination and/or culture were coded for one in four of all episodes of UTI in patients older than 3 months, we cannot exclude lack of recording of this information by some GPs.
As in previous studies [1À4], we investigated antibiotic re-prescription as a measure of treatment effectiveness. Because this approach has limitations, we used different definitions of re-prescription (the earliest subsequent prescription of a UTI-specific antibiotic issued within 4À28 days after the initial antibiotic prescription in the primary analysis; and within 6À28 and 8À28 days in sensitivity analyses). However, because of lack of linkage to hospital and emergency services, we did not consider progression of UTI to pyelonephritis and sepsis in the definition of re-prescription and might have missed some events. The percentage of patients re-prescribed antibiotics after an index prescription for the same UTI episode was low (3À4%), but this still represents over 3000 patients each year. We also found evidence of a statistically significant, gradual increase in antibiotic re-prescription over the five years covered by the study. Previous studies have reported rates ranging between 2% when failure requiring hospitalisation was studied in a population-based study in Taiwan [24] to 39% amongst women treated with fosfomycin in a multinational randomised clinical trial [25] . In our study, the risk of antibiotic re-prescription was higher in older patients, men, those with white ethnicity, those recently prescribed antibiotics and those not treated with trimethoprim or nitrofurantoin. The random effects for patient and practice showed that there was only a small practice effect and a more substantial patient effect consistent with the development of resistance within patients. The median time between first and second date of antibiotic prescription was 11 days, which makes it unlikely that allergy/intolerance to the first prescription explained the second. This was confirmed by an analysis of recorded data on drug allergy and intolerance. One reason for antibiotic represcription might be infection with a resistant pathogen, the relationship between prior recent antibiotics and re-prescription supports this hypothesis. In men, the presence of prostatitis, might account for treatment failure. The association between white ethnicity and antibiotic represcribing suggests that there may be cultural health seeking behaviours affecting prescribing, which may warrant further investigation. Non-compliance with the index prescription is another possible reason for treatment failure, one that we could not assess. Indeed, in a population-based survey in England, 63% of women prescribed antibiotics for a recent UTI reported taking them as prescribed [2] . The risk factors for antibiotic re-prescribing identified in our cohort are consistent with those reported in studies of treatment response failure [26À28] and of antibiotic resistance in the community, including the higher risk of antibiotic-resistance [8, 9, 29, 30] and multidrug resistance [31] associated with recent antibiotic exposure. A recent surveillance study based on the patient-level analysis of community urine isolates in Scotland also reported an increased risk of multidrug resistance associated with higher cumulative exposure to total antibiotic, nitrofurantoin and trimethoprim in the previous six months and with higher numbers of antibiotic classes prescribed in the previous year in adults [17] . This increase in risk remained after 7À9 months of any antibiotic exposure and 10À12 months of nitrofurantoin and trimethoprim use. Previous studies have also reported increased risk of antibiotic (multi)drug resistance in men [17, 30] , older patients [17, 30] and in those with comorbidities [17] . Furthermore, in our study we found that antibiotic represcription was significantly less likely for UTI episodes treated with trimethoprim than for episodes treated with the other agents used, in spite of higher rates of resistance to trimethoprim (34% in 2012À2016) [32] . There are several possible explanations for this finding. Firstly, trimethoprim may be more effective than the other agents. Secondly, patients with less severe symptoms, or those who are more likely to have self-limiting conditions are being treated with trimethoprim making it look like trimethoprim is more effective. Thirdly, other antibiotics are being used for more challenging cases or those with genuinely resistant infections, increasing the risk of antibiotic re-prescription. The latter, seems less likely given the high percentage of patients treated with nitrofurantoin and low resistance rates to this agent. Another explanation is that nitrofurantoin is being used in patients with reduced renal function and is ineffective for pharmacokinetic reasons, a theory which is supported by the increased risk of re-prescription in chronic kidney disease. These findings warrant further investigation.
Over one in five episodes of antibiotic re-prescription in our study were treated with the same antibiotic as was initially prescribed. It is illogical to re-prescribe the same antibiotic when treatment failure is considered clinically and this also contradicts NICE recommendation [6] . This finding suggests (as this was a constant phenomenon across all antibiotics) that a substantial minority of practitioners tend to prescribe according to favoured agents despite a different choice being appropriate.
We analysed routinely collected data and found evidence of its validity when compared with other types of studies. For example, in a previous study in CPRD practices, trimethoprim was the most commonly prescribed antibiotic for community acquired UTI and accounted for 50% of prescriptions and prescriptions of nitrofurantoin increased between 2004 and 2014 [11] . In a prospective cohort study, antibiotic prescribing at initial primary care consultation was seen in 95.1% of women with suspected UTI aged 16 years in England, with most common antibiotics: 46.1% trimethoprim and 48.7% nitrofurantoin; and 14.5% subsequent antibiotic prescription (similar to ours when unrestricted to the UTI specific list) [3] . In a population-based home survey amongst 892 randomly selected women aged 16 years in England, 65% of participants with UTIs reported contacting their local general practice to seek care, and of those seen by a health professional, 25% had their urine sample sent for laboratory analysis and 74% were prescribed an antibiotic [2] .
In conclusion, there are opportunities to optimise antibiotic prescribing for UTIs that could potentially reduce the risk of antibiotic resistance. Most patients currently diagnosed with lower UTI in primary care receive same-day antibiotic treatment, without microbiological investigation. There is little diversity in antibiotic treatment, which is generally limited to two agents, trimethoprim and nitrofurantoin, reflecting national guidelines. The rate of antibiotic represcription is low but is gradually increasing and requires further study. Approximately one in five patients with re-prescription receives the same antibiotic again. We recommend that practice is audited to drive down this proportion. Management of UTIs might need to consider recent antibiotic use to minimise development of antibiotic resistance to drugs used for first and second line therapy.
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